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(54) METHOD AND DEVICE FOR ESTIMATING STATE OF CHARGE OF BATTERY IN BATTERY

SYSTEM

(57) A method and device for estimating the state of
charge of a battery in a battery system, the method
comprising: obtaining the state of charge of a replace-
ment module, and obtaining the state of charge of a main
circuit battery by means of the state of charge of the
replacement module, wherein the replacement module is
used to replace an original battery and the capacity of the
replacement module is greater than that of the original
battery, and the original battery is connected in series
with the main circuit battery in a lithium iron phosphate
battery branch of the battery system; conducting self-
discharge detection on the replacement module and the
main circuit battery, and carrying out balance control
when the replacement module or the main circuit battery
has a large amount of self-discharge; and after balance
control, determining an updated state of charge of the
replacement module, and updating the state of charge of
the main circuit battery according to the updated state of
charge of the replacement module.

Obtaining a state of charge of a replacement module, and obtaining a
state of charge of a main circuit battery by means of the state of charge of
the replacement module, wherein the replacement module is used to replace
an original battery and a capacity of the replacement module is greater than
a capacity of the original battery, and the original battery is connected in
series with the main circuit battery in a lithium iron phosphate battery
branch of the battery system

Y

Conducting self-discharge detection on the replacement module and the
main circuit battery according to the state of charge and a state of health of
battery of the replacement module and the main circuit battery, respectively,
and performing balance control on the replacement module and the main
circuit battery when the replacement module or the main circuit battery has
a large amount of self-discharge

Y

Determining an updated state of charge of the replacement module after
the balance control, and updating the state of charge of the main circuit
battery according to the updated state of charge of the replacement module

FIG.2
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Description
Technical Field

[0001] The present disclosure relates to battery tech-
nology, and in particular to a method and device for
estimating the state of charge of a battery in a battery
system.

Background

[0002] The Chinese invention patent document with
the publication number CN114545256A discloses a
method and system for estimating the state of charge
of a lithium iron phosphate battery, in which a replace-
ment module with a larger capacity than the main circuit
battery is used to replace one of the original batteries in
the main circuit, and the state of charge of the replace-
ment module is noted as X. Firstly, the state of charge of
the battery in the replacement module and the main
circuit is adjusted so that the two are consistent at 0%
SOC, and according to the series relationship, in the
subsequent charging and discharging process, the esti-
mated state of charge of the main circuitis X*A/B, where-
in the A is the capacity of the replacement module, and
the B is the capacity of the battery in the main circuit.
According to the charging and discharging voltage curve
characteristics of iron lithium battery, the battery voltage
varies more obviously with the state of charge in the
interval of 0%~30% SOC and the interval of 90%
~100% SOC, which can be used to estimate the state
of charge.

[0003] The above technical solution, although it en-
larges the estimation interval of the state of charge of the
main circuit, when there is a large amount of self-dis-
charge in the replacement module or among the main
circuit batteries, itwill cause alarge error in the estimation
of the state of charge, which in turn will cause an inaccu-
rate estimation result of the state of charge of the lithium
iron phosphate battery.

Summary

[0004] In view of the disadvantages of the prior art
mentioned above, the purpose of the present disclosure
is to provide a method and device for estimating the state
of charge of a battery in a battery system, which solves
the problem of inaccurate estimation result of the state of
charge of the lithium iron phosphate battery in the prior
art.

[0005] In order to realize the above and other related
purposes, the present disclosure provides a method for
estimating a state of charge of a battery in a battery
system, wherein comprising at least the following steps:

Using a replacement module with a larger capacity
than the original battery to replace an original battery,
wherein the lithium iron phosphate battery branch of
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the battery system consists of the original battery
and the main circuit battery connected in series;
Obtaining a state of charge of the replacement mod-
ule, and obtaining a state of charge of the main circuit
battery by means of the state of charge of the re-
placement module;

Conducting self-discharge detection on the replace-
ment module and the main circuit battery according
to the state of charge and a state of health of battery
of the replacement module and the main circuit
battery, respectively, and performing balance control
on the replacement module and the main circuit
battery when the replacement module or the main
circuit battery has a large amount of self-discharge;
Determining an updated state of charge of the re-
placement module after the balance control, and
updating the state of charge of the main circuit bat-
tery according to the updated state of charge of the
replacement module.

[0006] Preferably, conducting self-discharge detection
on the replacement module and the main circuit battery
according to the state of charge of the replacement
module and the main circuit battery, respectively, com-
prises:

Conducting self-discharge detection when both the state
of charge of the replacement module and the state of
charge of the main circuit battery are in an interval of low
state of charge or when the state of charge of the main
circuit battery is in an interval of high state of charge.
[0007] Preferably, the interval of low state of charge is
0%~30%, and the interval of high state of charge is 90%
~100%.

[0008] Preferably, the performing balance control on
the replacement module and the main circuit battery
comprises: transferring a portion of a battery energy with
a small amount of self-discharge in the replacement
module or the main circuit battery to a battery with alarge
amount of self-discharge.

[0009] Preferably, the performing balance control on
the replacement module and the main circuit battery
comprises: consuming a battery energy with a small
amount of self-discharge in the replacement module or
the main circuit battery through resistance.

[0010] Preferably, using a proportional conversion
method to estimate and obtain the state of charge of
the main circuit battery according to the state of charge
or the updated state of charge of the replacement mod-
ule.

[0011] Preferably, before the conducting self-dis-
charge detection on the replacement module and the
main circuit battery according to the state of charge
and a state of health of battery of the replacement module
and the main circuit battery, respectively, further com-
prises:

Determining a state of health of battery of the replace-
ment module and a state of health of battery of the main
circuit battery.
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[0012] Determining a current capacity of the replace-
ment module using the state of health of battery of the
replacement module, and determining a current capacity
of the main circuit battery using the state of health of
battery of the main circuit battery.

[0013] Preferably, in the self-discharge detection, de-
termining that a large amount of self-discharge occurs in
the replacement module or the main circuit battery if the
state of charge of the main circuit battery is not equal ton
times the state of charge of the replacement module;
wherein the n is the ratio of the current capacity of the
replacement module to the current capacity C2 of the
main circuit battery, wherein the current capacity of the
replacementmodule is a product of an original capacity of
the replacement module and the state of health of battery
of the replacement module, and the current capacity of
the main circuit battery is a product of an original capacity
of the main circuit battery and the state of health of battery
of the main circuit battery.

[0014] Preferably, a result of the balance control
makes the state of charge of the main circuit battery
equal to n times the state of charge of the replacement
module.

[0015] Inordertoachieve the above purpose and other
related purposes, the present disclosure also provides a
device for estimating a state of charge of a battery in a
battery system, wherein comprising a memory, a proces-
sor, and a program stored in the memory and runnable on
the processor, wherein the processor executing the pro-
gram to implement the steps of the method for estimating
a state of charge of a battery in a battery system as
described above.

[0016] As described above, the method and device for
estimating the state of charge of a battery in a battery
system of the present disclosure have the following ben-
eficial effects:

The method for estimating the state of charge of a battery
in a battery system of the present disclosure carries out
self-discharge detection and balance control on the ex-
isting estimated state of charge, the state of charge of the
main circuit battery is estimated and obtained by the
updated state of charge after the balance control, avoids
the interference caused by the large amount of self-
discharge of the replacement module or the main circuit
battery, improves the accuracy of the estimation of the
state of charge of the main circuit battery, and also ex-
pands the estimation interval of the state of charge SOC
of the main circuit battery, which further improves the
stability of the battery system.

Brief Description of the Drawings

[0017] The features and performance of the present
disclosure are further described by the following embodi-
ments and the accompanying drawings.

FIG. 1 shows a schematic diagram of the variation of
the charging voltage curve of a lithium iron phos-
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phate battery in the present disclosure.

FIG. 2 shows a flow diagram of a method for estimat-
ing the state of charge of a battery in a battery system
of the present disclosure.

FIG. 3 shows a schematic diagram of the structure of
adevice for estimating the state of charge of a battery
in a battery system of the present disclosure.

Preferred Embodiment of the Present Disclosure

[0018] Embodiments of the present disclosure are de-
scribed below by way of particular specific examples, and
other advantages and effects of the present disclosure
can be readily understood by the person skilled in the art
from the contents disclosed in the specification. The
present disclosure may also be implemented or applied
in various other specific embodiments, and various de-
tails in the specification may also be modified or altered
based on different viewpoints and applications without
departing from the spirit of the present disclosure.
[0019] Please refer to FIG. 1 to FIG. 3. It should be
noted that the drawings provided in the embodiment only
illustrate the basic concept of the present disclosure in a
schematic manner. Therefore, the drawings only show
the components related to the present disclosure and are
not drawn according to the number, the shape, and the
size of the components in actual implementation. The
form, the number, and the proportion of each component
in actual implementation can be an arbitrary change, and
the layout of the components may also be more complex.
[0020] AsshowninFIG. 1, itis a schematic diagram of
the variation of 0.1C charging voltage curve of a lithium
iron phosphate battery at 25°C. Accordingto FIG. 1, itcan
be seen that the variation of voltage with SOC is not
obvious in the interval of state of charge 30%~90% SOC,
which increases the difficulty of SOC estimation; while in
the detection interval of the state of charge 0%~30%
SOC and 90%~100% SOC, the variation of voltage with
the state of charge is more obvious. Therefore, the es-
timation of the state of charge can be carried out by
voltage characteristics in the two intervals, and the esti-
mation result is more accurate.

[0021] The present disclosure, in order to solve the
technical defect of the prior art that when there is a large
amount of self-discharge in the replacement module or
the main circuit batteries, it will cause a large error in the
estimation of the state of charge, which will further lead to
an inaccurate estimation result of the state of charge of
the lithium iron phosphate battery. The present disclo-
sure proposes to add the means of the self-discharge
detection and the balance control in the case of low state
of charge (i.e., the state of charge of the replacement
module and the state of charge of the main circuit battery
are both less than 30%) and in the case of high state of
charge (i.e., the state of charge of the main circuit battery
is greater than 90%), thereby improving the accuracy of
estimation of the state of charge of the lithium iron phos-
phate battery and expanding the estimation interval of the
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state of charge of the lithium iron phosphate battery, and
further improving the stability of the battery system.

Method Embodiment:

[0022] The present disclosure proposes a method for
estimating a state of charge of a battery in a battery
system, as shown in FIG. 2, comprising at least:

In the embodiment of the present disclosure, the original
capacity of the replacement module is C1’ and the origi-
nal capacity of the main circuit battery is C2’, wherein
C1/C2> 1.

[0023] S1, obtaining a state of charge of a replacement
module, and obtaining a state of charge of a main circuit
battery by means of the state of charge of the replace-
ment module, wherein the replacement module is used to
replace an original battery and a capacity of the replace-
ment module is greater than a capacity of the original
battery, and the original battery is connected in series
with the main circuit battery in a lithium iron phosphate
battery branch of the battery system.

[0024] In the lithium iron phosphate battery branch of
the battery system of the present disclosure, the original
battery and the main circuit battery are identical.

[0025] The replacement module of the present disclo-
sure is a replacement battery, and the replacement bat-
tery may be a lithium iron phosphate battery with greater
difference than the original battery capacity and higher
capacity than the original battery.

[0026] The presentdisclosure uses a proportional con-
version method to estimate and obtain the state of charge
of the main circuit battery according to the state of charge
of the replacement battery. Specifically, converting the
state of charge of the replacement battery to the state of
charge of the main circuit battery using the proportional
conversion method. In this case, the larger the difference
between the capacity of the replacement battery and the
capacity of the main circuit battery, the wider the interval
segment for estimating the state of charge. Then, the
larger the difference between the capacity of the replace-
ment battery and the capacity of the main circuit battery,
the more accurate the estimation will be, but if the differ-
ence is too large, it will lead to a waste of cost, which
makes it impossible to be applied in practice.

[0027] In the embodiment of the present disclosure,
the number of the original battery and the number of the
replacement battery in the replacement module are not
limited, and the number of the original battery and the
number of the replacement battery in the replacement
module may be the same or different. The number may be
one or multiple, but when the number is multiple, the
multiple original batteries may be connected in series or
parallel, and the replacement batteries in the replace-
ment module may be connected in series or parallel, as
long as it is satisfied that the capacity of the battery in the
replacement module is larger than the capacity of the
original battery.

[0028] The present disclosure uses the proportional
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conversion method to estimate and obtain the state of
charge of the main circuit battery according to the state of
charge of the replacement battery. Therefore, it is neces-
sary to first obtain the state of charge of the replacement
module and determine the proportional conversion meth-
od.

[0029] In the present disclosure, the state of charge of
the replacement module and the state of charge of the
main circuit battery are consistent at 0% SOC. According
tothe series relationship, in the subsequent charging and
discharging process, the relationship between the state
of charge SOC_X of the main circuit battery and the state
of charge SOC_Tofthe replacement module is shown as:

SOC X=n'XSOC T

[0030] Wherein, the coefficient n’ is the ratio of the
original capacity C1’ of the replacement module to the
original capacity C2’ of the main circuit battery, i.e.,
n'=C1'/C2'.

[0031] In the embodiment of the present disclosure,
the state of charge of the replacement module is obtained
by estimating the state of charge according to the voltage,
the state of charge of the replacement module is SOC_T,
and the state of charge of the main circuit battery is
SOC_X=SOC_TX (C1'/C2)).

[0032] In the embodiment of the present disclosure,
taking n’=2 as an example, the replacementmodule is the
lithium iron phosphate battery, and the original capacity
C1’ of the replacement battery is twice the original ca-
pacity C2’ of the main circuit battery. As other embodi-
ments, the n’ may also be a value of 1.5, 3, 4, etc.
[0033] Inthe initial state, both the replacement battery
and the main circuit battery are in the 0% SOC state.
Since the two are connected in series, the subsequent
charging and discharging process flow the same current
through the two, so when the state of charge of the main
circuit battery varies in 0%~100%, the state of charge of
the replacement battery is just half of the state of charge
of the main circuit battery, i.e., 0%~50%. In the more
accurate detection interval ofthe SOC of the replacement
battery, such as the 0%~30% state of charge detection
interval of the lithium iron phosphate battery, the SOC of
the replacement battery can be estimated more accu-
rately by the voltage and the SOC (0%~60% SOC) of the
main circuit battery can be obtained. In other intervals
(e.g., the 90%~100% SOC interval of the lithium iron
phosphate battery), the estimated SOC of the main circuit
battery is still used.

[0034] Therefore, when the state of charge SOC_T of
the replacement battery is at 0%~30% SOC, the state of
charge SOC_X of the main circuit battery is 2X SOC_T
and is estimated more accurately. At this time, the state of
charge of the main circuit battery at 0%~60% SOC can be
estimated accurately, while the 90%~100% SOC interval
segment is still estimated by using the voltage of the main
circuit for the SOC estimation. Therefore, the embodi-
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ment of the present disclosure can extend the accurate
segment of the state of charge estimated by the voltage
from 0%~30%SOC and 90%~100%SOC to 0%~60%
SOC and 90%~100%SOC. The embodiment of the pre-
sent disclosure is only used as an example and is not
limited to it.

[0035] S2, conducting self-discharge detection on the
replacement module and the main circuit battery accord-
ing to the state of charge of the replacement module and
the state of charge of the main circuit battery, respec-
tively, and when there is a large amount of self-discharge
in the replacement module or the main circuit battery,
performing balance control on the replacement module
and the main circuit battery.

[0036] Since the theoretical state of charge of the
replacement module and the state of charge of the main
circuitbattery remains the same at 0% SOC, atthis time, it
is considered that the state of health of the replacement
module is SOH1 and the state of health of the main circuit
battery is SOH2, and SOH1/SOH=1. According to the
series relationship, in the subsequent charging and dis-
charging process, the relationship between the state of
charge SOC_X of the main circuit battery and the state of
charge SOC_T of the replacement module is shown as:

SOC_X=n'XSOC T

[0037] However, in practice, the phenomenon of large
amount of self-discharge occurs due to the influence of
some losses or other factors, which in turn leads to the
subsequent charging and discharging process does not
necessarily maintain the relationship of SOC_X=n’ X
SOC_T. When the relationship of the state of charge
cannot be maintained, the result of the state of charge
estimated by the method may generates a large error,
and therefore, it is necessary to carry out self-discharge
detection and balance control of the replacement module
and the main circuit battery, so as to ensure the accuracy
of the SOC estimation of the state of charge of the main
circuit battery.

[0038] Inaddition, since a change in the state of health
of the battery causes a change in the coefficient n’, it is
necessary to re-determine the relationship between the
state of charge SOC_X of the main circuit battery and the
state of charge SOC_T of the replacement module as:

SOC_X=nXSOC T

[0039] Whereinthe nis the ratio of the current capacity
C1 of the replacement module to the current capacity of
the main circuit battery, i.e., n=C1/C2. Wherein the cur-
rent capacity of the replacement module is the product of
the original capacity C1’ of the replacement module and
the state of health of battery SOH1 of the replacement
module, and the current capacity of the main circuit
battery is the product of the original capacity C2’ of the
main circuit battery and the state of health of battery

10

15

20

25

30

35

40

45

50

55

SOH2 of the main circuit battery, wherein C1’> C2'.
[0040] It should be noted that SOH1/SOH2 = 1 at the
initial moment, at this time, the n is equal to the n’ at the
initial moment.

[0041] The present disclosure updates the current ca-
pacity of the replacement module and the current capa-
city of the main circuit battery by the state of health of
battery, then re-determines a new equilibrium relation-
ship between the state of charge of the main circuit
battery and the state of charge of the replacement mod-
ule, and finally determines according to the new equili-
brium relationship, which improves the accuracy of the
determination of large amount of self-discharge.

[0042] Since conducting self-discharge detection on
the replacement module and the main circuit battery
according to the state of charge and the state of health
of battery of the replacement module and the main circuit
battery, respectively, so that before conducting the self-
discharge detection further comprises:

Determining the state of health of battery of the replace-
ment module and the state of health of battery of the main
circuit battery.

[0043] Determining the current capacity of the replace-
ment module using the state of health of battery of the
replacement module, and determining the current capa-
city of the main circuit battery using the state of health of
battery of the main circuit battery.

[0044] Wherein the method of determining and obtain-
ing the state of health of battery is prior art and will not be
discussed in detail in the embodiment of the present
disclosure.

[0045] In a possible embodiment, when both the state
of charge of the replacement module and the state of
charge of the main circuit battery are in an interval of low
state of charge or when the state of charge of the main
circuit battery is in an interval of high state of charge,
conducting self-discharge detection and carrying out
balance control to the large amount of self-discharge.
[0046] In embodiment of the present disclosure, the
interval of low state of charge is 0%~30%, and the interval
of high state of charge is 90%~100%.

[0047] In the self-discharge detection process, the
state of charge of the replacement module is estimated
and obtained according to the voltage of the replacement
module or the ampere-time integration method, and the
state of charge of the main circuit battery is estimated and
obtained according to the voltage of the main circuit
battery.

[0048] When both the state of charge of the replace-
ment module and the state of charge of the main circuit
battery are in the interval of low state of charge (0%
~30%), conducting the self-discharge detection and de-
termining whether the replacement module or the main
circuit battery has a large amount of self-discharge.
[0049] Specifically, the state of charge SOC_X of the
main circuit battery estimated according to the voltage is
less than 30%, and the state of charge SOC_T of the
replacement module estimated according to the voltage
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is less than 30%.

[0050] IfSOC_X>nxSOC_T, thenitis determined that
a large amount of self-discharge has occurred in the
replacement module. If SOC_X<nXSOC_T, then it is
determined that a large amount of self-discharge has
occurred in the main circuit battery.

[0051] If SOC_X=nXxSOC_T, neither the replacement
module nor the main circuit battery are experiencing the
phenomenon of large amount of self-discharge.

[0052] When the state of charge of the main circuit
battery is in the interval of high state of charge (90%
~100%), conducting the self-discharge detection and
determining whether the replacement module or the main
circuit battery has a large amount of self-discharge.
[0053] Specifically, the state of charge SOC_X of the
main circuit battery estimated according to the voltage is
greater than 90% and the state of charge of the replace-
ment module is less than 50%.

[0054] IfSOC_X>nXxSOC_T, thenitis determined that
a large amount of self-discharge has occurred in the
replacement module. If SOC_X <nXSOC_T, then it is
determined that a large amount of self-discharge has
occurred in the main circuit battery.

[0055] If SOC_X=nXSOC_T, neither the replacement
module nor the main circuit battery are experiencing the
phenomenon of large amount of self-discharge.

[0056] According to the characteristic curve of the
voltage and the state of charge, it can be seen that the
variation of the voltage with the SOC is not obvious
between 30%~60%, so the estimation of the SOC ac-
cording to the voltage may be prone to a large deviation,
and therefore, the state of charge can be estimated and
obtained according to other methods in the prior art, such
as the ampere-time integration method.

[0057] According to the self-discharge detection of the
presence of the phenomenon of large amount of self-
discharge, the balance control is carried out to make
SOC_X=nXSOC_T again to ensure the accuracy of
the subsequent estimation of the state of charge of the
main circuit battery.

[0058] Inanother preferred embodiment of the present
disclosure, it is considered that the absolute balance
cannot be stably maintained during the balance control
process, therefore, in practical application, based on the
determination condition in the embodiments of the pre-
sent disclosure, a certain degree of deviation can be
allowed to determine the existence of large amount of
self-discharge, wherein the deviation can be the magni-
tude of the deviation (single value or interval), or a certain
proportional value.

[0059] Specifically, for example, whether in the interval
of low state of charge or the interval of high state of
charge, if SOC_X>n X SOC_T+ §, then it is determined
that a large amount of self-discharge has occurred in the
replacement module. If SOC_X<nXSOC_T- 3, theniitis
determined that a large amount of self-discharge has
occurred in the main circuit battery. If SOC_X=nXx-
SOC_T= §, thenitis determined that neither the replace-
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ment module nor the main circuit battery are experien-
cing the phenomenon of large amount of self-discharge.
Wherein the 3 denotes the magnitude of the deviation.
The embodiment of the present disclosure does not
make specific limitations on the specific value or interval
of 8, etc., which can be selected according to the actual
situation.

[0060] In embodiment of the present disclosure, when
the replacement module or the main circuit battery has a
large amount of self-discharge, it indicates that the other
has a small amount of self-discharge. The balance con-
trol of the present disclosure is either active balance or
passive balance. The active balance means transferring
a portion of the battery energy with a small amount of self-
discharge in the replacement module or the main circuit
battery to a battery with a large amount of self-discharge,
and the passive balance means consuming the battery
energy with a small amount of self-discharge in the
replacement module or the main circuit battery through
resistance.

[0061] The present disclosure readjusts the relation-
ship between the state of charge of the replacement
module and the state of charge of the main circuit battery
by balance control, thereby ensuring the accuracy of the
state of charge of the main circuit battery obtained ac-
cording to the updated state of charge of the replacement
module.

[0062] S3, determining the updated state of charge of
the replacement module after the balance control, and
updating the state of charge of the main circuit battery
according to the updated state of charge of the replace-
ment module.

[0063] After carrying out balance control to the battery
in the lithium iron phosphate battery branch of the battery
system, the updated state of charge of the replacement
module is determined. Then, the method of step S1 is
adopted, i.e., using a proportional conversion method to
estimate and obtain the updated state of charge of the
main circuit battery according to the updated state of
charge of the replacement module. By updating the state
of charge of the main circuit battery through the updated
state of charge of the main circuit battery, amore accurate
state of charge of the main circuit is obtained.

[0064] Wherein the updated state of charge the repla-
cement module is determined as follows: when the state
of charge of the replacement module is not changed
during the balance control process, the updated state
of charge is the original state of charge, and when the
state of charge of the replacement module is changed
during the balance control process, it is necessary to
reacquire or calculate the state of charge of the replace-
ment module to determine the updated state of charge.
However, in practice, if the time of the balance control is a
little long, the state of charge of the replacement module
will be changed regardless of whether it is used as the
controlled balance object, and at this time, the updated
state of charge the replacement module is always the
state of charge to be reacquired.
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[0065] Specifically, the updated state of charge of the
main circuit battery is estimated and obtained using a
proportional conversion method according to the up-
dated state of charge of the replacement module, the
updated state of charge of the main circuit battery is used
as the state of charge of the main circuit battery, and the
state of charge of the main circuit battery is estimated and
obtained by the updated state of charge after the balance
control. The method avoids interference caused by the
large amount of self-discharge in the replacement mod-
ule or the main circuit battery, improves the accuracy of
estimating the state of charge of the main circuit battery,
expands the estimation interval of the state of charge
SOC of the main circuit battery, and further improves the
stability of the battery system.

Device Embodiment:

[0066] The present disclosure also provides a sche-
matic diagram of the structure of a device for estimating
the state of charge of a battery in a battery system as
shown in FIG. 3, wherein comprising the memory, the
processor, and the program stored in the memory and
runnable on the processor, wherein the processor ex-
ecuting the program to implement the steps of the method
for estimating a state of charge of a battery in a battery
system as described above.

[0067] The detailed process of the steps of the method
for estimating a state of charge of a battery in a battery
system is described in detail in the Method Embodiment
and will not be repeated here.

[0068] In summary, the present disclosure comprises
the method and device for estimating the state of charge
of a battery in a battery system, wherein the method for
estimating a state of charge of a battery in a battery
system carries out the self-discharge detection and the
balance control of the existing estimated state of charge,
and the state of charge of the main circuit battery is
estimated and obtained by the updated state of charge
after the balance control, avoids interference caused by
the large amount of self-discharge in the replacement
module or the main circuit battery, further improves the
accuracy of estimating the state of charge of the main
circuit battery, also expands the estimation interval of the
state of charge SOC of the main circuit battery, and
further improves the stability of the battery system.
Therefore, the present disclosure effectively overcomes
the shortcomings of the prior art and has high industrial
utilization value.

[0069] The above embodiments are merely illustrative
of the principles and its efficacy of the present disclosure,
and are not intended to limit the present disclosure. Any
person skilled in the art may modify or change the above
embodiments without violating the spirit and scope of the
present disclosure. Therefore, all equivalent modifica-
tions or alterations made by a person having ordinary
knowledge in the art without departing from the spirit and
technical ideas disclosed in the present disclosure shall
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still be covered by the claims of the present disclosure.

Claims

1. A method for estimating a state of charge of a battery
in a battery system, wherein comprising at least the
following steps:

obtaining a state of charge of a replacement
module, and obtaining a state of charge of a
main circuit battery by means of the state of
charge of the replacement module, wherein
the replacement module is used to replace an
original battery and a capacity of the replace-
ment module is greater than a capacity of the
original battery, and the original battery is con-
nected in series with the main circuit battery in a
lithium iron phosphate battery branch of the
battery system;

conducting self-discharge detection on the re-
placement module and the main circuit battery
according to the state of charge and a state of
health of battery of the replacement module and
the main circuit battery, respectively, and per-
forming balance control on the replacement
module and the main circuit battery when the
replacement module or the main circuit battery
has a large amount of self-discharge;
determining an updated state of charge of the
replacement module after the balance control,
and updating the state of charge of the main
circuit battery according to the updated state of
charge of the replacement module.

2. The method for estimating a state of charge of a
battery in a battery system according to claim 1,
wherein conducting self-discharge detection on
the replacement module and the main circuit battery
according to the state of charge of the replacement
module and the main circuit battery, respectively,
comprises:
conducting self-discharge detection when both the
state of charge of the replacement module and the
state of charge of the main circuit battery are in an
interval of low state of charge or when the state of
charge of the main circuit battery is in an interval of
high state of charge.

3. The method for estimating a state of charge of a
battery in a battery system according to claim 2,
wherein the interval of low state of charge is 0%
~30%, and the interval of high state of charge is
90%~100%.

4. The method for estimating a state of charge of a
battery in a battery system according to claim 1,
wherein the performing balance control on the re-
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placement module and the main circuit battery com-
prises: transferring a portion of a battery energy with
a small amount of self-discharge in the replacement
module or the main circuit battery to a battery with a
large amount of self-discharge.

The method for estimating a state of charge of a
battery in a battery system according to claim 1,
wherein the performing balance control on the re-
placement module and the main circuit battery com-
prises: consuming a battery energy with a small
amount of self-discharge in the replacement module
or the main circuit battery through resistance.

The method for estimating a state of charge of a
battery in a battery system according to claim 1,
wherein using a proportional conversion method to
estimate and obtain the state of charge of the main
circuit battery according to the state of charge or the
updated state of charge of the replacement module.

The method for estimating a state of charge of a
battery in a battery system according to claim 1,
wherein before the conducting self-discharge detec-
tion on the replacement module and the main circuit
battery according to the state of charge and a state of
health of battery of the replacement module and the
main circuit battery, respectively, further comprises:

determining a state of health of battery of the
replacement module and a state of health of
battery of the main circuit battery;

determining a current capacity of the replace-
ment module using the state of health of battery
of the replacement module, and determining a
current capacity of the main circuit battery using
the state of health of battery of the main circuit
battery.

The method for estimating a state of charge of a
battery in a battery system according to claim 7,
wherein in the self-discharge detection, determining
that a large amount of self-discharge occurs in the
replacement module or the main circuit battery if the
state of charge of the main circuit battery is not equal
to n times the state of charge of the replacement
module; wherein the n is the ratio of the current
capacity of the replacement module to the current
capacity of the main circuit battery, wherein the
current capacity of the replacement module is a
product of an original capacity of the replacement
module and the state of health of battery of the
replacement module, and the current capacity of
the main circuit battery is a product of an original
capacity of the main circuit battery and the state of
health of battery of the main circuit battery.

The method for estimating a state of charge of a
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10.

battery in a battery system according to claim 8,
wherein a result of the balance control makes the
state of charge of the main circuit battery equal to n
times the state of charge of the replacement module.

A device for estimating a state of charge of a battery
in a battery system, wherein comprising a memory, a
processor, and a program stored in the memory and
runnable on the processor, wherein the processor
executing the program to implement the steps of the
method for estimating a state of charge of a battery in
a battery system of any one of claims 1-9.
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Obtaining a state of charge of a replacement module, and obtaining a
state of charge of a main circuit battery by means of the state of charge of
the replacement module, wherein the replacement module is used to replace
an original battery and a capacity of the replacement module 1s greater than
a capacity of the original battery, and the original battery 1s connected in
series with the main circuit battery in a lithium iron phosphate battery

branch of the battery system

Conducting self-discharge detection on the replacement module and the
main circuit battery according to the state of charge and a state of health of
battery of the replacement module and the main circuit battery, respectively,
and performing balance control on the replacement module and the main
circuit battery when the replacement module or the main circuit battery has

a large amount of self-discharge

Determining an updated state of charge of the replacement module after
the balance control, and updating the state of charge of the main circuit

battery according to the updated state of charge of the replacement module

FIG. 2
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